A deeper understanding of milk composition from different dairy goat breeds would address the potential variance in quality control, as well as to optimize the production process of dairy products. Understanding these parameters will assist in evaluating goat milk quality. This study was designed to identify potential differentiating features the milk from different goat breeds based on fourier transform infrared spectroscopy (FTIR) coupled with multivariate analysis to detect the compositional differences. Eighteen freeze-dried goat milk samples of different breeds (Jamnapari, Saanen and Toggenburg) were analyzed. The results showed a clear discrimination between three different breeds using Partial least square discriminant analysis. The value Q 2 and R 2 Y values are 0.981 and 0.958, which means the model exhibited goodness-of-fit and predictive features that would allow milk samples to be segregated by breed reliably. Result of chemical composition show Jamnapari milk was superior in terms of protein, fat and lactose content with values of 3.7%, 4.20%, and 5.30%, respectively, compared to other breeds. These analyses showed that only Jamnapari goat milk is different compared to the other two breeds.
Introduction
The world's goat population is estimated to be over 921 million, with 570 breeds. [1] Previous study from Devendra & Haenlein, has reported that out of 570 goat breeds, only 69 of them are singlepurpose dairy types. [2] Out of 69 dairy breeds, 36 breeds (about 52%) originated from Europe, 25 breeds (37%) from Asia and followed by 8 breeds (11%) from Africa. According to the Food and Agriculture Organization, the total percentage of goat milk production is only about 3.6% in Asia. [3] In Malaysia, the population of goat reported by Aziz, [4] during the year 2005, there were 428, 263 goats with approximately 200,000 reared mainly by smallholders. However, the population had increased to 439,667 heads in 2015. [5] Milk composition and nutritional value are influenced by several factors such as genetics, seasonal variation, lactation stage, diet and differ significantly among breeds and species of dairy animals. [6, 7] According to Ramunno et al. [8] goat breeds have been extensively studied for their genetic polymorphism that affects the milk chemical composition, structural, biological and nutritional characteristics. The identification and classification of food constituents are typically executed by analyzing and classifying the food components into broad categories such as fats, protein, fiber, carbohydrates, vitamins, and ash. [9] Some studies Morand-Fehr et al. [10] have reported that milk quality can be evaluated according to nutritional, sanitary, technological and sensory parameters. These criteria depend on numerous factors and their interactions, which are linked to the main physicochemical components (fat, protein, lactose). Proteins in goat milk differ genetically from proteins in cow milk. Besides, the fat in goat milk typically presents a more nutritious fatty acid profile than the fat in cow milk. [11] Goat milk has a higher percentage of short-and medium-chain (C6-C14) fatty acids and smaller fat globules sizes which contributes to the main reason for the easy digestion of goat milk. [12 -14] The previous study also indicated that the genetic variability might affect the concentration of minor components with health-promoting effects. [15] This study focused on three different breeds, which were Saanen, Jamnapari, and Toggenburg. Saanen is the highest milk-producing breed, and is widely known as the world best-developed breed. This breed of goats is completely white or light cream in color with erect ears. [16] Meanwhile, the Jamnapari is kept for meat and milk, and is known for fairly high milk production. Jamnaparis are widely distributed in Asia and known as one of the better milk-producing Indian dairy breeds in Asia. The goats are large, tall and white in color. [17] Some of them may be mixed in color, but most of them are white, with very long and pendulous ears that cover their eyes when they are grazing. [2] According to Rout et al. [17] Jamnapari goats have been used to upgrade milk production in other Asian dairy breeds and around the world. Apart from that, Toggenburg is one of the main Swiss dairy breeds that recorded daily milk yield that rivals the Saanen breed. The goats are medium in body size, hardy, have erect ears, and the color varies from light drawn to dark chocolate. [16] FTIR is a rapid metabolic fingerprinting that can potentially analyze milks in less than a minute with minimal sample preparation. [18] FTIR is a method that predominantly measures the vibrations of chemical bonds within functional groups and generates a spectrum that can be considered as a biochemical or metabolic 'fingerprint' of the sample. [19] This technology has been used for a wide range of application in milk analysis: quantification of milk components, [20] detection of milk from different species, [21] prediction of fatty acid composition in milk [22, 23] and determination of protein composition in milk. [24, 25] The characteristic absorption bands are associated with these components, e.g. the amide signals for protein, the carbonyl ester and C-H signals associated with fat, the C-OH bands for carbohydrate and the O-H bending absorption of water. [26] Currently, there is a lack of data on goat's milk related to certain breeds, but it does seem clear that there is a significant increase in demand for high-quality goat's milk due to increased claims of its benefits to human health. However, the combination of FTIR with partial least square (PLS) analysis, has been applied in past studies to discriminate different types of oils [27] and to detect adulteration of extra virgin oil with palm oil [28] with very good predictive values.
The main advantages of this technique is simple, inexpensive and the spectrum can be obtained in a few seconds with a minimal sample preparation. [17] The different analyzed samples can be group as a function of different variables, called principal components, which can be used to explain correlations among the studied samples. [29] Meanwhile, the Multivariate Data Analysis (MVDA) is an appropriate tool for managing large data sets acquired using spectroscopic tools. [30] The Principal Component Analysis (PCA) is data analysis tools that identify the patterns in the collected data and expressing them by accentuating their similarities and differences. [31, 32] This method was employed in classifying and discriminating samples based on their chemical constituents. [33] Therefore, the current study was to discriminate the milk samples from different types of goat breeds using the combination of FTIR spectroscopy with multivariate analysis.
Methodology

Chemicals and reagents
Concentrated sulfuric acid (H 2 SO 4 ), mix catalyst: 96% sodium sulfate anhydrous +3.5% copper sulfate +0.5% selenium dioxide, sodium hydroxide (NaOH), Indicator solution: 0.2% methyl red +0.1% methylene blue in 96% ethanol, petroleum ether, Isopropanol (C 3 H 8 O), acetonitrile (HCN), boric acid (H 3 BO 3 ) were purchased from Sigma-Aldrich (St. Louis, Missouri, United State). Standards of sugar (lactose) were purchased from Sigma Aldrich (St. Louis, Missouri, United State). Ultrapure water was obtained using the Milli-Q System (Millipore, Bedford, MA, USA).
Sample collection and preparation
Fresh goat milk from three breeds (Saanen, Jamnapari and Toggenburg), was collected from a farm in Kluang, Johor at the mid lactation stage and under the same field conditions (breeding, seasonal, climate, and animal handlers). All animals were adjudged to be clinically healthy and disease-free, fed regularly with grass and feed consisting of vegetables with specific supplements, and other concentrate food that improve the quality of milk. All three goat breeds were milked manually and the collection was done early morning in the farm. Only midstream samples were taken, and about 200 mL were obtained from each doe. Samples were immediately transported back to the lab in sterile bottles under aseptic technique and cool condition. Samples were stored at −80°C until further analysis to prevent chemical changes or reactions. The results acquired were performed on a limited number of goats per group (n = 6). The milk samples were freeze-dried to remove the water content using the Labconco FreeZone 4.5 L Freeze Dry Sysytem (Missouri, USA) coupled with auto refrigeration mode and vacuum set to 0.770 mbar until the sample had completely dried. All analysis were conducted within 3 months after collection.
FTIR spectroscopy
The FTIR analysis was performed according to the method described by Ferrand-Calmels et al. [34] with some modification using FTIR spectrometer with diamond/ZnSe crystal cell ATR (RX-1 Perkin Elmer, Massachusetts, USA). To obtain the spectra, 1 g of freeze-dried samples was used and the FT-IR spectra were collected in 30 s at wave number region of 400-4000 cm −1 and a resolution of 4 cm −1 .
Lactose in goat milk by HPLC
The lactose content was analyzed using the high performance liquid chromatography (WATERS, Milford, USA) with a refractive index (RI) detector using a method by [35] with a few modifications. The separation was performed using amino column (Luna®NH2 100Å) with 250 mm × 4.6 mm × 5 µm specifications from (Phenomenex, Torrance, USA). The temperature of the column was set at 40ºC. Furthermore, the chromatographic separation was executed with an isocratic elution mobile phase of acetonitrile-water (80:20) and degassed before used. The flowrate was set to 0.1 mL/min and 10 µl of the sample was injected. Prior to HPLC analysis, the milk samples were processed. A volume of 1 mL of milk sample was diluted with 200 µL of Isopropanol and centrifuged at 10 956 × g rcf (10 min, 4ºC) using Sigma 3-18 K centrifuge, (Sartorius, Germany). The supernatant was taken and diluted in water (1:1 ratio) and filtered using nylon 0.45 µm syringe filter (Millipore, UK). Peaks were identified based on the retention time in relative to the standard sugars. The concentration of lactose was calculated based on the equation from a standard curve of standard prepared from three solutions at different concentrations. The limit of detection (LOD) and the limit of quantification (LOQ) was 0.078 and 0.260 mg L −1 , respectively.
Protein and fat analysis
Kjeldahl and Gerber analysis were carried out for protein and fat analysis of the milk, respectively, according to standard methods. [36] FTIR data pre-processing
The data were pre-processed using the Perkin Elmer Spectrum version 10.03.09 software (Massachusetts, USA), which were subsequently calculated through multivariate data analysis as described earlier. [37] Multivariate data analysis was performed using SIMCA 14.0 (version 14.0, Umetrics, Umea, Vasterbotten, Sweden). Each FTIR spectrum was baseline corrected using Spectrum software (Perkin Elmer, Inc.) to minimize the differences between spectra because of baseline shifts. The american standard code for information interchange (ASCII) data were exported from the software used to control the FTIR instrument into an excel file and then imported into the SIMCA 14.0 software. The supervised partial least-squares discriminant analysis (PLS-DA) [38] was used to discriminates the samples based on different types of goat breeds. The accuracy of the model was evaluated using two parameters: (i) value of Q 2 Y, the root-mean-square error of cross validation, (RMSECV) and (ii) value of R 2 Y the root-mean-square errors of estimation, R 2 Y (RMSEE). [39] 
Statistical analysis
The data obtained for protein, fat and lactose content were statistically analyzed using the SPSS software program (version 23.0, IBM Inc, Armonk, New York) for analysis of variance. One-way ANOVA with a Duncan's comparison test to evaluate the major differences between the samples with a confidence interval of 95% was performed. Figure 1 shows the spectra of milk samples of Saanen, Jamnapari, and Toggenburg in the spectroscopic region. The discrimination between milk samples of different goat breed was based on the small differences between the spectra. In general, the spectra of Jamnapari and Toggenburg milks showed a very similar pattern. In the wavenumber range from 3000 to 950 cm −1 , fat, protein and lactose were predicted from the whole IR spectrum. [34] The O-H bending region (3020 cm −1 ) was Figure 1 . Mid-infrared spectra for the 4000-400 cm −1 spectral region recorded on milk samples of Jamnapari (J), Saanen(S) and Toggenburg(T) breeds. more or less opaque to IR light in milk samples due to a high proportion of water in milk. [22] The previous study reported that the spectral feature between 2300 and 2000 cm −1 was resulted from diamond absorption. Following this, the region was ignored in subsequent discussions. [37] The spectral regions from 2877 to 2827 cm −1 and 1782 to 1705 cm −1 were selected for fat, while the region from 1701 to 1507 cm −1 was selected for protein and the region from 1200 to 967 cm −1 was for carbohydrates. [40] Peak at 1683-1682 cm −1 was due to the carbonyl (C = O) stretching amide I. [41] The absorption at region 1549-1547 cm −1 was corresponded to the N-H bending that contributed by the C-N stretching (amide II) and the phenyl nucleus (C = C). [23, 41] No specific band was observed at the spectral region between 1800 and 2800 cm −1 , providing no related chemical information about the milk samples. These findings were in agreement with that found by Andersen et al. and Inon et al. [40, 42] Based on Figure 1 , the similarity pattern of each spectra regions demonstrated minor differences between Jamnapari and Toggenburg samples, while Saanen shows a distinct difference compared to other two breeds. The first difference involved the CH 2 absorption band at 2927 cm −1 which is related to the acyl chain on fatty acids that correlates with the fat quantity in each milk sample. [20] As reported in Table 1 , the Toggenburg and Jamnapari milks had 2.98% and 4.20% fat composition, respectively, whereas Saanen milk had 2.53% fat. This was reflected in the CH 2 stretch. The second difference was observed at 1745 cm −1 of carbonyl vibration ester group. This peak was shown as a shoulder in the Jamnapari milk spectrum but was clear in the Toggenburg milk spectrum. This can be correlated to the degree of sugars, carbonxyl methyl esterification. [43] In other words, the degree of esterification of the Toggenburg milk was higher than Jamnapari and Saanen milks. Strong absorption bands due to carbonyl (C = O) group of milk lipid dominated at the spectral region between 1720 and 1760 cm −1 , which was in agreement to that by Dagnachew et al. [44] Multivariate data analysis Figure 2 shows the data of FTIR spectra between different goat breeds (Jamnapari, Toggenburg, and Saanen) analyzed using PLS-DA score plots. This plot shows the possible presence of outliers, groups, similarities, and other patterns in the data. The models below demonstrates the distribution pattern samples from different goat breeds. The X-axis represents PLS-DA component 1 while the Y-axis represents PLS-DA component 2.The ellipse in the plots defines the Hotelling's T2 confidence region corresponding to a 95% confidence interval for the observations. [45] Furthermore, the quality of the models was evaluated based on the basis of cumulative parameters R 2 X (variation in X explained by the model), R 2 Y (amount of Y explained by the model), and Q 2 (the cumulated crossvalidation for R 2 Y). [46] The model's goodness-of-fit and predictive ability are regarded as a good when the cumulative values of Q 2 and R 2 Y were greater than 0.5. [30] Moreover, Gao et al. [47] and Kim et al. [48] reported that the values of Q 2 and R 2 Y greater than 0.5 were considered as a robust model with predictive reliability. In this study, the Q 2 and R 2 Y values were 0.981 and 0.958, respectively. This proved that the model exhibited goodness-of-fit and predictive features.
Results and discussion
FTIR analysis
Apart from that, the score plot on Figure 2 showed general separations (using PC1 and PC2) whereas the total variation in the data contributed mainly by several variables such as protein, fat, and lactose content. The predictive power of the model in predicting new samples was measure by Values in the same rows with different alphabets are statistically different (P < 0.05); presented data are mean value of triplicate ± standard error.
RMSECV value. [49] For this model, RMSECV values were 0.084798. Note that, the higher the predictive accuracy for new samples is due to lower RMSECV value. The PLS-DA score plots presented a clear separation between three different breeds without any overlap. The milk samples belonged to Jamnapari and Toggenburg breeds (J, T) were observed to be at the positive of PLS-DA component 1, while the milk samples from Saanen breeds (S) were observed at the negative of PLS-DA component 1. Figure 3 shows the permutation test plot, which characterize the validation of the PLS-DA model developed. The plot demonstrates the predictive capacity of the model intercept Y-value and the fraction of the total sum of the squares intercept the Y-value. [49] To interpret the multivariate models, the mean of R 2 Yand cumulative Q 2 Y were used after cross-validation. The R 2 Y showed the number of Y variables explained by the models and provides an overview of the model fitting. Meanwhile, the Q 2 Y provides information about the predictive quality of the model. The R 2 Y and Q 2 Y value for the breeds are as follows: Saanen (A), 0.131 and −0.398; Jamnapari (B), 0.173 and −0.354; Toggenburg (C), 0.133 and −0.326, respectively. These values were acceptable since the R and Q was less or equal 0.4 and −0.05. [50] This study concluded that all models were valid and strongly significant. In addition, the approach using all the information retrieved from the spectra of the milk samples was effective to obtain a complete characterization of milk samples according to different breeds.
Fat, protein and lactose analysis
In this study, significant differences (p <.05) of chemical composition among the three different breeds were reported. The milk samples showed varying results in terms of chemical composition, as shown in Table 1 , although the three goat breeds chosen were kept and fed under identical conditions at the same farm. The previous study reported that there might be considerable differences in chemical composition and physical properties of milk from different goat breeds. [51, 52] The milk samples of Saanen breed had the lowest value of fat (2.53%), while the Jamnapari milk presented the highest fat (4.20%) and protein (3.73%) content. The percentage of milk fat for all goat breeds were in the range reported by Alyaqoubi et al. [53] which was between 2.43% and 4.43%. In addition, goat milk contained 3.4% protein, 3.8% fat, 4.1% lactose, 0.8% ash [54] and 87% water. [55] For milk sample from Toggenburg breed, the fat and protein content were within the previously reported range. [54] It had the lowest protein content (2.97%) compared to other breeds, but was still in the range of percentage reported by Uqasha & Al-Jiborry, [56] which was between 2.46% and 3.70%. Toggenburg is known for a long, steady lactation and generally has a closer protein to fat ratio. [15] Generally, the differences in milk constituents compared to the literature can be attributed by the parity of goat, [57, 58] lactation stage, as well as different breeds. [59] The result shows that there was a variation of milk's total carbohydrate across breed in this study. Jamnapari does had the highest lactose content (5.30%) compared to Saanen and Toggenburg milk 4.52% and 4.84%, respectively. In fact, the differences were statistically significant across breeds. The previous study reported that the lactose content of goat milk ranges between 4.1% and 5.2%. [56] High lactose production is related to high volume production by dairy goat breeds which produces high milk yield. [60] The lactose content in goat milk samples was similar to that reported by Strzalkowska et al. [61] Based on the study of goat in South Africa, it was reported that indigenous goat breeds had higher lactose content (average 4.6%) than dairy goat breeds (4.1%) because indigenous breed have higher blood glucose concentration than the dairy does. [62] Generally, the composition of goat milk differed significantly (p <.05) among the milk samples across the breed, with some samples being more statistically superior to others. Jamnapari milk was superior in terms of protein, fat, and lactose content with values of 3.73%, 4.20%, and 5.30%, respectively. Jamnapari goats breed well under the hot and arid climate of the Indian subcontinent due to its high climatic adaptability. [63] Therefore, it could be suggested that the differences in composition of milk samples might be due to the genetic variation among the breeds.
Conclusion
The results showed that the Jamnapari breed exhibit the highest protein, fat, and lactose content compared to Saanen and Toggenburg breeds. The differences were significant, and allowed the milk from Jamnapari breed to be differentiated from other two breeds. The current work demonstrated the feasibility of using FTIR spectral fingerprinting and multivariate analysis technique to correctly classify goat milk samples by their breeds of origins, using the functional group profiles as a predictors.
